Abstract: Introduction: Magnetic Particle Imaging (MPI) is an emerging medical imaging modality that detects superparamagnetic particles exploiting their nonlinear magnetization response. Spatial encoding can be realized using a Field Free Line (FFL), which is generated, rotated and translated through the Field of View (FOV) using a combination of magnetic gradient elds and homogeneous excitation elds. When scaling up systems and/or enlarging the FOV in comparison to the scanner bore, ensuring homogeneity and linearity of the magnetic elds becomes challenging. The present contribution describes the rst comprehensive, systematic study on the in uence of magnetic eld imperfections in FFL MPI. Methods: In a simulation study, 14 di erent FFL scanner setups have been examined. Starting from an ideal scanner using perfect magnetic elds, de ned imperfections have been introduced in a range of con gurations (nonlinear gradient elds, inhomogeneous excitation elds, or inhomogeneous receive elds, or a combination thereof). In the rst part of the study, the voltage induced in the receive channels parallel and perpendicular to the FFL translation have been studied for discrete FFL angles. In the second part, an imaging process has been simulated comparing di erent image reconstruction approaches. Results: The induced voltage signals demonstrate illustratively the e ect of the magnetic eld imperfections. In images reconstructed using a Radon-based approach, the magnetic eld imperfections lead to pronounced artifacts, especially if a deconvolution using the point spread function is performed. In images reconstructed using a system function based approach, variations in local image quality become visible. Conclusion: For Radon-based image reconstruction in FFL MPI in *Corresponding Author: Hanne Medimagh: Institute of Medical Engineering, University of Luebeck, Ratzeburger Allee 160, Luebeck, Germany, E-mail: medimagh@imt.uni-luebeck.de Patrick Weissert, Gael Bringout, Klaas Bente, Matthias Weber, Ksenija Gräfe, Aileen Cordes, Thorsten M. Buzug: Institute of Medical Engineering, University of Luebeck, Ratzeburger Allee 160, Luebeck, Germany, E-mail: weissert@imt.uni-luebeck.de, bringout@imt.uni-luebeck.de, bente@imt.uni-luebeck.de, weber@imt.uni-luebeck.de, graefe@imt.uni-luebeck.de, cordes@imt.uni-luebeck.de, buzug@imt.uni-luebeck.de the presence of inhomogeneous and nonlinear magnetic elds, artifact correction methods will have to be developed. In this regard, a rst approach has recently been presented by another group. Further research is required to elucidate the in uence of magnetic eld imperfections in MPI using a system function based approach.
Introduction
Magnetic Particle Imaging (MPI) is an emerging medical imaging modality that detects superparamagnetic particles exploiting their nonlinear magnetization response [1] . Spatial encoding can be realized using a Field Free Line (FFL), which is generated, rotated and translated through the Field of View (FOV) using a combination of magnetic gradient elds and homogeneous excitation elds [2] . This allows for system function based or Radon-based image reconstruction [3] . When scaling up systems [4] [5] [6] [7] [8] and/or enlarging the FOV in comparison to the scanner bore [9] , ensuring homogeneity and linearity of the magnetic elds becomes challenging. Recently, it has been demonstrated in a study comparing two speci c scanner setups that eld imperfections may lead to artifacts in FFL imaging using Radon-based image reconstruction [9] . The underlying effect is well-known from other imaging modalities: Because of the eld inhomogeneities/nonlinearities, assumptions made in Radon-based image reconstruction [10] are violated, which may lead to image artifacts [11] . The present contribution describes the rst comprehensive and systematic study on the in uence of magnetic eld imperfections in FFL MPI. Preliminary results of the study have been presented in [12] . 
Methods
In a simulation study using proprietary software [13], 14 di erent FFL scanner setups have been examined using parameters similar to [3] . Starting from an ideal scanner using perfect magnetic elds, de ned imperfections have been introduced in a range of con gurations: -Nonlinear gradient elds (using Maxwell coils and coils with a radius of 75 %, 50 % and 25 % thereof), -Inhomogeneous excitation elds (using Helmholtz coils and coils with a radius of 75 %, 50 % and 25 % thereof), -Inhomogeneous receive elds (using Helmholtz coils and coils with a radius of 75 %, 50 % and 25 % thereof), -A combination of nonlinear gradient elds (Maxwell50) and inhomogeneous excitation elds (Helmholtz50). In the rst part of the study, the voltage induced in the receive channels parallel and perpendicular to the FFL translation have been studied for discrete FFL angles. In the second part, an imaging process has been simulated comparing di erent image reconstruction approaches. Image reconstruction was performed using both a system function based approach and a Radon-based approach, the latter with and without deconvolution using the point spread function (PSF).
Results
The induced voltage signals (see Figs. 1 and 2 ) demonstrate illustratively the e ect of the magnetic eld imperfections. Compared to the ideal scanner, the voltage peaks occur with deformed peak shapes. Remarkably, a eld imperfection may lead to a signal being detectable in the receive channel perpendicular to the FFL movement. Fig. 3 shows the MPI images reconstructed using different techniques. In images reconstructed using a Radon-based approach, the magnetic eld imperfections lead to pronounced artifacts, especially if a deconvolution using the point spread function is performed. The artifacts are less prominent in the center than in the rest of the FOV. In images reconstructed using a system function based approach, variations in local image quality become visible.
Conclusion
Radon-based image reconstruction in FFL MPI in the presence of inhomogeneous and nonlinear magnetic elds is prone to severe artifacts, therefore artifact correction methods will have to be developed. In this regard, a rst approach has recently been presented by Murase et al. [14] . Moreover, a method to predict the extent of artifacts to be expected based on magnetic eld properties would be desirable as well.
Further research is required to elucidate the in uence of magnetic eld imperfections in MPI using a system function based image reconstruction approach. This is subject of ongoing studies. 
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